Recent anecdotal reports that some synchronized swimmers have become dizzy or disorientated towards the end of their performance, and in the worst cases fainted underwater, have caused concern. However, the rules of synchronized swimming encourage slow performance of compulsory figures, and an analysis of the competition placings and duration of underwater sequences showed that the highest rankings were gained by slowly performed compulsory figures and free programmes containing a long underwater sequence. The combination of breath-holding and the vigorous exercise involved suggests that some of the symptoms complained of by the swimmers might be due to hypoxia. We therefore studied the alveolar gas tensions in nine members of the Great Britain National Squad immediately following the performance of set figures and the initial underwater sequence of their free routine in a swimming-bath. All were cyanosed after the underwater sequences of the free routine and reported being mildly confused. The mean(s.d.) alveolar P02 at this stage was 5.07(1.1)KPa, while three girls had an alveolar P02 below 4KPa, the lowest being 3.67KPa. These gas tensions suggest that potentially dangerous levels of hypoxia may develop during competitive synchronized swimming and that prolonged underwater sequences should not be encouraged.
Recent anecdotal reports that some synchronized swimmers have become dizzy or disorientated towards the end of their performance, and in the worst cases fainted underwater, have caused concern. However, the rules of synchronized swimming encourage slow performance of compulsory figures, and an analysis of the competition placings and duration of underwater sequences showed that the highest rankings were gained by slowly performed compulsory figures and free programmes containing a long underwater sequence. The combination of breath-holding and the vigorous exercise involved suggests that some of the symptoms complained of by the swimmers might be due to hypoxia. We therefore studied the alveolar gas tensions in nine members of the Great Britain National Squad immediately following the performance of set figures and the initial underwater sequence of their free routine in a swimming-bath. All were cyanosed after the underwater sequences of the free routine and reported being mildly confused. The mean(s.d.) alveolar P02 at this stage was 5 .07(1.1)KPa, while three girls had an alveolar P02 below 4KPa, the lowest being 3.67KPa. These relationship between the duration of breath-holding and the level to which the PCO2 rose, this was not significant.
Discussion
There have been several previous investigations of synchronized swimmers. These include studies of lung volumes and the ventilatory responses to hypoxia and hypercapnia4, aerobic and anaerobic work capacity5, muscular power output6 and heart rate recorded by radiotelemetry during a number of competitive figures7. While the use of the rise in heart rate as an index of the severity of exercise in synchronized swimming is complicated by the effects of submergence and postural changes, the last of these papers7 reported heart rates in the region of 140 beats per minute at the end of the Castle manoeuvre. A recently published account8 of heart rate and blood lactate concentration during synchronized swimming included measurements of alveolar gases at the completion of the Heron manoeuvre, a set figure which requires about 45 s breath-holding but which is of a lesser degree of difficulty than those examined in this study. Alveolar P02 at this time was 8 KPa, a level of mild hypoxia which would not be expected to give rise to the problems which prompted the present study. However The mean alveolar PC02 at the end of the underwater sequence was 7.39KPa. Synchronized swimmers are aware of the dangers of hyperventilation prior to a dive and, although they rarely submerge to a depth greater than 2 m, are taught not to indulge in this practice beyond the taking of one or two deep breaths. Nor do they start the underwater sequence with much more than a normal tidal volume in their lungs since the added buoyancy would make it more difficult for them to maintain a posture underwater. This rise in PCO2 will have mixed effects. On the one hand by shifting the haemoglobin dissociation curve to the right it will further reduce uptake of oxygen by the blood as it passes through the lungs. On the other hand it will improve cerebral blood flow by its vasodilator action. Moreover, through its respiratory stimulant action, it may limit the swimmer's ability to continue breathholding and thus diminish the risk of dangerous levels of hypoxia in less determined individuals.
Thus, in competition, synchronized swimmers may be exposed to undesirable levels of hypoxia. However, as the relationship which we have found between the length of time spent under water and the ranking achieved in both the set figures and the free performance have shown, there is a tendency for judges to favour prolonged submergence in competition. In view of our findings we feel that less importance should be placed on this feature and would suggest that underwater sequences should be limited at most to 40-45s. We understand that in consequence the word 'slowly' has now been deleted from the instructions regarding the set figures in the Association's synchronized swimming handbook. 
